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The low-temperature carboniza t ion  of c o a l  i s  a p o s s i b l e  a l t e r n a t i v e  t o  
t h e  c racking  of crude o i l  for t h e  product ion of e thylene  and aromatics .  
The previous i n v e s t i g a t i o n s  repor ted  by t h i s  l a b o r a t o r y  were concerned 
wi th  t h e  carboniza t ion  of l i g n i t e s . '  It was found that i f  l i g n i t e s  
were carbonized a t  a low temperature i n  o r d e r  t o  o b t a i n  t h e  maximum 
y i e l d  of t a r  and t h i s  t a r  cracked without being allowed t o  condense, 
acceptab le  y i e l d s  of e thylene ,  propylene and aromatics  could be ob- 
t a i n e d .  Once t h e  low temperature t a r  i s  allowed t o  condense, how- 
ever ,  l a r g e  amounts of c h a r  and heavy res idue  a r e  formed i n  the  
c r a c k e r  and the  y i e l d s  of t h e  d e s i r e d  products  a r e  small. It was 
concluded from t h i s  work t h a t  t h i s  process  could be commercially 
important if t h e  c o s t  of crude o i l  i n c r e a s c s  enough t o  o f f s e t  the  
high i n i t i a l  c a p i t a l  c o s t .  

The present  i n v e s t i g a t i o n  was concerned w i t h  t h e  use of West V i r g i n i a  
and Kentucky cannel c o a l s  i n  t h i s  process .  Cannel c o a l  i s  a high 
v o l a t i l e ,  non-coking c o a l  and occurs  i n  l e n t i c u l a r  pockets  i n  bi tumi-  
nous coa l  beds. It was hoped tha t  t h e  h igher  y i e l d s  which would 
c e r t a i n l y  be obtained w i t h  t h e s e  coa ls ,  and t h e r e f o r e  t h e  lower 
c a p i t a l  investment r e q u i r e d  f o r  the same product ion,  would more t h a n  
o f f s e t  the increased  c o s t  of t h e  coa l .  

EXPERIMENTAL 
E quipmen t 
The equipment used i n  t h i s  work i s  very  similar t o  that used i n  t he  
e a r l i e r  work. The evolved v o l a t i l e  m a t t e r  passed from a ba tch  carbon- 
i z e r  through the  c r a c k e r  i n t o  t h e  c o l l e c t i o n  t r a i n ,  which c o n s i s t e d  of 
a water-  jacketed r e c e i v e r ,  condenser, and two low-temperature absorbers .  
These absorbers  c o n s i s t e d  of jacketed pyrex columns packed w i t h  s t e e l  
wool. The noncondensable gas  passed through a co t ton  t r a p  and t h e n  
through a w e t - t e s t  gas  meter, which measured t h e  volume of t h e  evolved 
gas.  A f t e r  leav ing  t h e  wet - tes t  gas  meter, t h e  gas  passed i n t o  a 
solenoid-actuated valve which allowed a f r a c t i o n  of the  gas t o  be 
c o l l e c t e d  i n  a gas  holder .  The remainder was vented t o  t he  atmosphere. 

The carbonizer  used i n  t h e s e  experiments was similar t o  that used i n  
t h e  l i g n i t e  experiments,  except tha t  i t  was modified so t h a t  super- 
heated steam could be blown through the c o a l  during carboniza t ion .  
It was made from a two i n c h  s t a i n l e s s  s t e e l  pipe,  24  inches  i n  length .  
Near t h e  t o p  of t h e  r e t o r t ,  a one-half inch  pipe was provided as a 
take-off  for t h e  v o l a t i l e  matter. A one inch  p lug  f i t t e d  w i t h  a therm- 
ocouple w e l l  was used a t  the top  of t h e  carbonizer  for t h e  i n t r o d u c t i o n  
of the  c o a l .  A removable s t e e l  s p a r g e r  was provided at the bottom of 
t h e  carbonizer  f o r  the  i n t r o d u c t i o n  of the  superheated steam and t h e  
removal o f  t h e  char .  Heat f o r  the carbonizer  was provided by e l e c t r i c  
furnaces  c o n t r o l l e d  by means of Variacs .  
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The cracking  r e a c t o r s  were 36 inches  long and were f a b r i c a t e d  of Vycor 
t u b i n g  of 31 mm o u t s i d e  diameter .  
through t h e  e n t i r e  l e n g t h  of the cracking tube, allowed a thermocouple 
t o  be placed i n s i d e  the tube and t h e  c racking  temperature t o  be measured 
f o r  any p o i n t  i n  t h e  tube. The cracking  temperature was c o n t r o l l e d  by 
the temperature  n e a r  the e x i t  o f  t h e  r e a c t o r .  The c r a c k e r  was heated 
w i t h  r e s i s t a n c e  t a p e  wound d i r e c t l y  on the  tub ing  and t h e  e l e c t r i c  
c u r r e n t  c o n t r o l l e d  by a Variac.  D i f f e r e n t  average r e t e n t i o n  t imes were 
obta ined  by us ing  two, t h r e e  or f o u r  of  t h e s e  r e a c t o r s  i n  s e r i e s .  

Coals Used 
Samples of f o u r  d i f f e r e n t  cannel c o a l s  were used i n  t h i s  work. 
were from West V i r g i n i a  - Gay Mine, Logan County; S t o l l i n g s  Mine, 
Madison County; and Dorothy Mine, Boone County; one was from the Big 
Chief Mine, Letcher  County, Kentucky. The samples which were received 
as 6 t o  8 i n c h  lumps were crushed, and the f r a c t i o n  which passed 
through a 3-1/2 mesh and remained on a 10 mesh screen  was used i n  the 
experiments . 

A concent r ic  9 mm Vycor tube,  

Three 

Proximate Analysis 
Mo i s t u r e  
N e t  Volatile 
Fixed Carbon 
Ash 

Ultimate Analysis 
Hydrogen 
Carbon 
Nitrogen 
S u l f u r  
Oxygen 

F i s h e r  Assay 
O i l ,  g a l / t o n  
Water, gal/Eon 
Gas and loss, $ 
Sp. G r .  oil 6 0 / 6 0 " ~  

Table 1 
Gay S t o l l i n g s  Dorothy Big Chief 

0.3@ 0.56% 0.63s 0.46% 
48.46 54.86 61.05 53.07 
37.42 34.26 32.52 41.49 
13.81 10.32 5.80 4.98 

6.56 7.04 7 - 7 1  7 - 2 9  
74.52 74.79 78.84 80.96 

0.67 1.22 0.88 1.23 
0.52 1.24 0.86 0.77 
3-92  5.39 5-91  4.77 

85.8 90.6 104.2 86.5 
2 . 4  3.6 3.8 3.4 
9.1 9.2 10.9 6.7 

0.9022 0.9056 0.9106 0 * 9079 

PROCEDURE 

Cannel Coal (500 grams) was charged i n t o  t h e  carbonizer  and t h e  c racker  
temperature brought up t o  the predetermined l e v e l .  Then t h e  temperature 
of the carbonizer  was s lowly  and uniformly raised from room temperature 
t o  a maximum of 550°C. When the carbonizer  reached 300", superheated 
steam a t  500" was in t roduced  i n t o  i t .  Af ter  t h e  experiment, the carbon- 
i z e r  w a s  allowed t o  c o o l  t o  room temperature and t h e  t r a i n  disassembled, 
and the contents  of t h e  r e c e i v e r  and two absorbers  steam d i s t i l l e d .  
The s team-dis t i l led o i l  was then  f r a c t i o n a t e d ,  and the f r a c t i o n s  exam- 
ined  by mass spectrometry.  The r e s i d u a l  o i l  and t a r  i n  the d i s t i l l a t i o n  
pot  p l u s  any i n c r e a s e  i n  weight of the  absorbers  was des igna ted  as 
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heavy o i l .  The volume of gas produced was measured w i t h  t h e  wet - tes t  
gas  meter and samples of  t h e  gas  examined by mass spectrometry.  

Exploratory experiments i n d i c a t e d  t ha t  the primary process  v a r i a b l e s  
were c racking  temperature  , r e t e n t i o n  t i m e  and t h e  steam-coal r a t i o .  
Therefore t h e  e f f e c t  of these  t h r e e  process  v a r i a b l e s  at t h r e e  d i f f e r e n t  
l e v e l s  were i n v e s t i g a t e d  on t h e  c a y e l  c o a l  from t h e  Gay Mine, us ing  
n ine  experiments i n  a "Lat in  Square arrangement.  With t h i s  arrange-  
ment, the e f f e c t  of a s i n g l e  v a r i a b l e  can be determined w i t h  the 
e f f e c t s ,  first o r d e r  at least ,  of  t h e  o t h e r  v a r i a b l e s  confounded o r  
cance l led  out .  The l e v e l s  of t h e  process  v a r i a b l e s  t h a t  were chosen 
were : 

Cracking temperature  - 800", 850°, and 900".  
Average r e t e n t i o n  t i m e  - 0.5, 0.7, and 0.9 seconds.  
Steam-to-coal r a t i o  - 1.0, 1.25,  and 1.5.  

The ' 'average r e t e n t i o n  t ime" deserves  some comment. Since a ba tch  
carbonizer  was used i n  t h e s e  experiments,  t h e  r a t e  of v o l a t i l e  genera- 
t i o n  i n  t h e  c a r b o n i z e r  vari-ed w i t h i n  r a t h e r  wide  l i m i t s  as t h e  carbon: 
i z e r  temperature was r a i s e d  from 300" t o  550". Because of t h i s ,  the 
gas  v e l o c i t y  through the  c rackers ,  and t h e r e f o r e  the Cetent ion time i n  
t h e  c r a c k e r  a l s o ,  v a r i e d  w i t h i n  rather wide l i m i t s .  The average r e t e n -  
t i o n  t ime" was c a l c u l a t e d  on the  basis of t h e  t o t a l  volume of v o l a t i l e s  
f e n e r a t e d  and volume of t h e  c r a c k e r s  used i n  t h e  experiment.  These 
average r e t e n t i o n  t imes can only  be used as guides;  a l l  t ha t  can be 

said f o r  c e r t a i n  i s  t ha t  t h e  r e t e n t i o n  t imes are i n  t h e  r a t i o s  two, 
t h r e e  and four .  

Another problem which a r i s e s  w i t h  regard  t o  t h e  i n t e r p r e t a t i o n  of t h e  
e f f e c t s  of r e t e n t i o n  time i s  t h a t  t h e  a c t u a l  r e t e n t i o n  t i m e  i s  a f f e c t e d  
by the steam-coal r a t i o  used. When more steam i s  passed through the 
carbonizer ,  t h e  space v e l o c i t y  i s  increased ,  and t h e r e f o r e  t h e  r e t e n t i o n  
t i m e  i n  t h e  c r a c k e r  correspondingly decreased. Because' of t h i s ,  t h e  
e f f e c t s  of average r e t e n t i o n  t i m e  and steam-coal r a t i o  a r e  i n t e r r e l a t e d  
d e s p i t e  t h e  L a t i n  Square arrangement of t h e  data. 
i n t o  account when i n t e r p r e t i n g  t h e  r e t e n t i o n  t ime d a t a .  

T h i s  must be taken 

FCESULTS 
Analysis of the products  ob ta ined  i n  t h e s e  experiments makes i t  p o s s i b l e  
t o  e v a l u a t e  t h e  e f f e c t s  of t h e  process  v a r i a b l e s  on the  y i e l d s  of t h e  
v a r i o u s  products .  
c racker ,  t h e  volume and composition of the evolved gases  and o i l s  was 
a f f e c t e d  by a l l  t h e  process  v a r i a b l e s ,  that is, cracking temperature,  
r e t e n t i o n  time, and steam-coal r a t i o .  The c h a r a c t e r  of t he  char  pro- 
duced, however, could only  be a f f e c t e d  by t h e  steam-coal r a t i o .  

Since a l l  of t h e  v o l a t i l e  m a t t e r  passed through t h e  

Effec t  of Process Variables on Gas Produced 
The composition of the g a s  evolved from t h e  c o a l  v a r i e s  as d i f f e r e n t  
l e v e l s  of t h e  process  v a r i a b l e s  a r e  employed. Some c o n s t i t u e n t s  of the 
gas  are a f f e c t e d  g r e a t l y  by t h e  process  v a r i a b l e s ,  o t h e r s ,  very l i t t l e .  

The ch ief  components of the gas are e thylene ,  e thane,  ace ty lene ,  propyl-  
ene, butadiene,  methane, hydrogen, and carbon monoxide and dioxide.  
These comprise at l e a s t  98% of t h e  t o t a l  gas produced. 

The process  v a r i a b l e s  have l i t t l e  o r  no e f f e c t  on the  t o t a l  y i e l d  of 
gas, a t  least  at t h e  l e v e l s  i n v e s t i g a t e d .  It might be expected tha t  
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t h e  h igher  cracking temperatures  and l o n g e r  r e t e n t i o n  times would produce 
more gas,  but  t h i s  i s  not t h e  case.  

The y i e l d  of ethylene,  t o o ,  i s  not  p a r t i c u l a r l y  a f f e c t e d  by t h e  process 
v a r i a b l e s .  However, t h e  b e s t  y i e l d  was produced a t  a cracking  temperature 
o f  850°, an average r e t e n t i o n  time of 0.5 seconds, and a steam-coal r a t i o  
of  1.25. 

The lowest cracking temperature  and the s h o r t e s t  r e t e n t i o n  time i n v e s t i -  
ga ted  r e s u l t  i n  t h e  product ion o f  t h e  l a r g e s t  amount of  e thane.  Appar- 
e n t l y  more o f  the  ethane i s  converted t o  e thylene  a t  t h e  more r igorous 
c racking  condi t ions .  A t  a c racking  temperature  of 800", 24.8 pounds/ton 
i s  obtained,  while at goo", only 9.9 pounds/ton i s  obtained.  The steam- 
c o a l  r a t i o ,  however, does not  seem t o  have any s i g n i f i c a n t  e f f e c t .  

A s  might be expected, t h e  h ighes t  y i e l d  of ace ty lene  i s  obtained at the 
h ighes t  cracking temperature .  A t  a c racking  temperature  of 800" , only 
8.1 pounds/ton i s  oDtained, but  t h i s  i s  r a i s e d  t o  22.3 pounds/ton by 
i n c r e a s i n g  the cracking temperature  to 900". The steam-coal r a t i o  i s  
not  n e a r l y  so important,  bu t  t h e  product ion of ace ty lene  i s  favored by 
t h e  h igher  r a t i o .  Perhaps s u r p r i s i n g l y ,  t h e  r e t e n t i o n  time has only 
l i t t l e  e f f e c t .  

There i s  a s u b s t a n t i a l  decrease  i n  t h e  y i e l d  of  propylene when t h e  higher  
c racking  temperatures  and longer  r e t e n t i o n  times are employed. A t  a 
c racking  temperature of 800°, 64.6 pounds/ton i s  obtained, but  t h i s  f a l l s  
t o  only  23.8 pounds/ton a t  900". S i m i l a r l y ,  i n c r e a s i n g  t h e  average re ten-  
t i o n  t i m e  from 0.5 t o  0.9 seconds r e s u l t e d  i n  a decrease i n  t h e  y i e l d  of  
propylene from 59.8 to 32.1 pounds/ton. The steam-coal r a t i o ,  however, 
had comparatively l i t t l e  e f f e c t .  

The y i e l d  of butadiene d e c r e a s e s  r a p i d l y  as the cracking  temperature and 
r e t e n t i o n  t i m e  a r e  i n c r e a s e d .  A t  a c racking  temperature  of 800", 22.0 
pounds/ton i s  obtained,  b u t  a t  900" only 11.2 pounds/ton i s  obtained. 
S imi la r ly ,  increas ing  t h e  r e t e n t i o n  time from 0.5 t o  0.9 seconds de- 
c r e a s e s  the y i e l d  of butadiene from 20.9 t o  12.7 pounds/ton. The best  
steam-coal r a t i o  f o r  t h e  product ion of  butadiene i s  1.25. 

The process  v a r i a b l e s  do n o t  g r e a t l y  a f f e c t  t h e  y i e l d  of methane. On 
t h e  average, t h e  methane y i e l d  i s  about 150 pounds/ton. 

A s  might be expected, g r e a t e r  q u a n t i t i e s  of hydrogen are produced a t  t h e  
more r igorous  c racking  c o n d i t i o n s .  A t  a c racking  temperature of 800°, 
a ton  y i e l d s  12 pounds of hydrogen, a t  goo", 19.4 pounds. Increas ing  
t h e  r e t e n t i o n  time from 0.5 t o  0.9 seconds, s i m i l a r l y  r a i s e s  t h e  y i e l d  
of hydrogen from 13.5 to 17.1 pounds/ton. 

y i e l d  o f  17 pounds/ton t o  1 4  pounds/ton, probably because of  i t s  e f f e c t  
on t h e  r e t e n t i o n  time. 

The y i e l d  of carbon d ioxide  i s  q u i t e  cons tan t  at 15 pounds/ton at a l l  
l e v e l s  of the  process  v a r i a b l e s  s tud ied ,  and only  c racking  temperature 
has much e f f e c t  on t h e  y i e l d  of  carbon monoxide. When t h e  cracking 
temperature  i s  r a i s e d  from 800" t o  goo", t h e  y i e l d  of carbon monoxide 
i n c r e a s e s  from 40.9 t o  72.2 pounds/ton. 
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An i n c r e a s e  i n  t h e  steam-coal 
r a t i o  from 1 .0  t o  1 . 5  decreases  t h e  amount of hydrogen obtained from a -4 
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E f f e c t  of .Process V a r i a b l e s  on Light O i l  Produced 
The process  v a r i a b l e s  a t  t h e  l e v e l s  s t u d i e d  have no s i g n i f i c a n t  e f f e c t  
on t h e  t o t a l  y i e l d  of l i g h t  o i l .  It might be expected t h a t  h igher  1 
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temperatures  and longer  r e t e n t i o n  times would f a v o r  the product ion o f  
l i g h t  o i l  owing t o  t h e  conversion of heavy o i l  t o  l i g h t  o i l  a t  t h e  
more r igorous  condi t ions ,  but t h i s  i s  not  t r u e .  Evident ly ,  i f  more 
l i g h t  o i l  i s  produced, more l i g h t  o i l  i s  a l s o  converted i n t o  gaseous 
hydrocarbons. A t  a l l  t h e  condi t ions  s tud ied ,  the y i e l d  of l i g h t  o i l  
was about 115 pounds/ton. 

The l i g h t  o i l  c o n t a i n s  a l a r g e  number of  compounds. The more e a s i l y  
i d e n t i f i a b l e  components of the mixture a r e  benzene , to luene ,  s tyrene,  
C2 benzenes, indene, indan, and/or methyls tyrene,  naphthalene,  and 
methyl naphthalene.  
The remainder i s  made up of more h ighly  s u b s t i t u t e d  benzenes, s tyrenes ,  
and naphthalenes.  Only t h e  e f f e c t s  of t h e  process  v a r i a t ? i e s  on the 
product ion o f  benzene, to luene ,  s tyrene ,  and naphthalene w i l l  be d i s -  
cussed, s i n c e  t h e s e  a r e  t h e  most commercially important  components. 

The y i e l d  of benzene as a func t ion  of r e t e n t i o n  time shows a d e f i n i t e  
maximum a t  0.7 seconds; and as a f u n c t i o n  of steam-coal r a t i o ,  a d e f i -  
n i t e  minimum a t  a r a t i o  of 1 .25.  However, the l e v e l s  of cracking 
temperature employed seem t o  have no s i g n i f i c a n t  e f f e c t .  

The y i e l d  of to luene  as a func t ion  of steam-coal r a t i o  shows, l i k e  t h e  
y i e l d  of benzene, a d e f i n i t e  minimum a t  a r a t i o  of 1.25, a l though i n  
t h i s  case n e i t h e r  t h e  c racking  temperature n o r  the r e t e n t i o n  t i m e  seem 
t o  be important .  

The process  v a r i a b l e s  have very  l i t t l e  e f f e c t  on t h e  y i e l d  of s tyrene .  
It i s  r e l a t i v e l y  cons tan t  a t  about 6 .O pounds/ton. 

The highest  c racking  temperatures  and the l o n g e s t  r e t e n t i o n  t imes inves-  
t i ga t ed  favored t h e  product ion of naphthalene.  A t  a c racking  temperature 
of 800", t h e  y i e l d  was 9.3 pounds/ton, while at 900" it increased  t o  
13.9 pounds/ton. I n  t h e  same way, i n c r e a s i n g  t h e  r e t e n t i o n  t i m e  from 
0.5 t o  0.9 seconds increased  t h e  y i e l d  from 9.0 t o  13.6, pounds/ton. 
The steam-coal r a t i o ,  on t h e  o t h e r  hand, seemed t o  have l i t t l e  e f f e c t .  

These components comprise 58 t o  73% of t h e  t o t a l .  

Ef fec t  of Process Var iab les  on Heavy O i l  Produced 
A s  expected, the higher c racking  temperatures  favored  the conversion o f  
the heavy o i l  t o  l i g h t  o i l  and v o l a t i l e  gases .  S u r p r i s i n g l y ,  however, 
t h e r e  was a d e f i n i t e  maximum i n  the y i e l d  a t  the in te rmedia te  r e t e n t i o n  
t i m e  and t h e  in te rmedia te  steam-coal r a t i o ,  t h a t  i s ,  0.7 seconds and a 
r a t i o  of 1.25. 

Some a n a l y t i c a l  work was done on t h e  heavy o i l ,  but  due t o  i t s  complex 
na ture ,  no i n d i v i d u a l  components were determined. The heavy o i l  i s  
mainly aromatic i n  c h a r a c t e r  and i s  composed of  po lynuclear  aromatic 
hydrocarbons of  h i g h  molecular weight.  An u l t i m a t e  a n a l y s i s  was made 
on the heavy o i l  from each run, but t h e r e  was l i t t l e  d i f f e r e n c e .  The 
average a n a l y s i s  i s  : 

Carbon 90.35% 

N l t  rogen 1.46 
S u l f u r  0.67 

Oxygen (by d i f f . )  1.13 

Hydrogen 5.03 

Ash 1.36 
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Comparison of t he  D i f f e r e n t  Cannel Coals 
I n  view of t he  f a c t  that  t h e  y i e l d s  of t he  commercially important pro- 
duc t s  a r e ,  i n  genera l ,  n o t  p a r t i c u l a r l y  s e n s i t i v e  t o  the  process  con- 
d i t i o n s  i n  the  ranges i n v e s t i g a t e d ,  t he  f o u r  d i f f e r e n t  cannel  coa l s  
were compared a t  on ly  a s i n g l e  s e t  of condi t ions .  A cracking temper- 
a t u r e  of 850°, an average r e t e n t i o n  time of 0.9 seconds, and a steam- 
coa l  r a t i o  of 1.0 w a s  chosen. While these  condi t ions  a r e  not optimum, 
it seems un l ike ly  t h a t  t h e  comparison would be d r a s t i c a l l y  d i f f e r e n t  
at any o t h e r  g e n e r a l l y - s i m i l a r  cond i t ions .  The r e s u l t s  of these  exper- 
iments a r e  given i n  Tables 2, 3, 4, 5 and 6 .  

There i s  a good c o r r e l a t i o n  between the  y i e l d s  of t o t a l  gas, e thylene,  
t o t a l  l i g h t  o i l ,  benzene, toluene,  e t c . ,  and the gas and o i l  y i e l d  i n  
t h e  F i she r  assay.  When more gas and o i l  i s  obtained i n  the  F i she r  
assay, a s i m i l a r  i n c r e a s e  i s  no t i ced  i n  the  y i e l d s  of t he  more valuable  
products .  This i s  no t ,  however, t r u e  w i t h  t he  y i e l d s  of heavy o i l .  
There i s  probably a tendency f o r  t h e  h igh  assaying c o a l s  t o  produce 
more heavy o i l ,  but  t h e  c o r r e l a t i o n  i s  not  n e a r l y  as high as i t  i s  for 
t he  l i g h t  o i l s  and gases .  

DISCUSSION 
The low-temperature ca rbon iza t ion  of cannel coa l  immediately followed 
by a thermal cracking of t h e  v o l a t i l e  products  produces e x c e l l e n t  y i e l d s  
of e thylene ,  benzene, and o t h e r  aromatic hydrocarbons. A s  expected, t he  
y i e l d s  of these  products  a r e  much h igher  than could be obta ined  from 
l i g n i t e ;  over  f i v e  t imes  as much e thylene  and benzene can be obtained.  
T h i s  d i d  indeed r e s u l t  i n  a lower c a p i t a l  investment f o r  a commercial 
p l a n t  producing the  same amount o f  e thylene  and aromatics  as the  l i g n i t e  
p l a n t ,  and undoubtedly more than  o f f s e t  the increased  c o s t  of t h e  cannel 
coa l .  A pre l iminary  economic a n a l y s i s ,  however, i nd ica t ed  t ha t  t h i s  
process  i s  s t i l l  probably not  compet i t ive w i t h  t he  convent ional  crude 
o i l  c racking  process .  
f i c a n t l y ,  o r  i f  s i g n i f i c a n t  engineer ing  improvements could be made t o  
lower the c a p i t a l  c o s t ,  the  commercial use of t h i s  process  would be a 
p o s s i b i l i t y  . 

If t h e  c o s t  of crude o i l  should inc rease  s i g n i -  
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TABLE 2 

Cracking Temperature: 850°C Average r e t e n t i o n  time: 0.9 sec .  
Steam-coal r a t i o :  1.0 

Charge: 500 gms. of 3-l/2 - 10 mesh "Gay" cannel  c o a l  

Y ie ld  of Gas: 
Ethylene 
Acetylene 
Propylene 
Butadiene 
Butene-2 
Methane 
Ethane 
Hydrogen 
Carbon monoxide 
Carbon dioxide 

107.9 gms. 431.0 lbs / ton  502.6 lbs/ton(MAF) 
42.3 169.0 197.0 
2 . 2  8.8 10.2 
4.3 17.2 20.0 
1.7 6 .8  7.9 
0 .5  2 .0  2 . 3  

35.6 142.0 166.0 
3.1 12.4 1 4 . 4  
3 .7  14 .8  17.2 

11.2 44.8 52.2 
3 . 3  13.2 15.4 

Yie ld  of Light  O i l :  23.7 
Benzene 

J ;  Toluene 
Styrene 
C 2  Benzenes 
Indene 
Indan/or methyls tyrene 
Naphthalene 
Methyl naphthalenes 

\ 

Yie ld  of Heavy O i l :  53.0 

94.8 
18.2 
10.4 

5.7 
2 . 5  
4.9 
1.7 
9.7 
3.4 

110.3 
21.2 
1 2 . 1  

6.6 

212.0 *247 .O 

Yield  of  Char 290.1 1160.0 

Heat Content o f  Gas: 747 BTU/cu.ft. ( e t h y l e n e - f r e e )  

\ 



TABLE 3 

Cracking Temperature : 850°C Average r e t e n t i o n  t i m e :  0.9 see.  
Steam-coal r a t i o :  1 .O 

Charge: 500 gms. o f  3-1/2 - 10 mesh "Big Chief'" cannel coa l  

Yield o f  Gas: 
Ethylene 
Acetylene 
Propylene 
Butadiene 
Butene -2 
Methane 
Ethane 
Hydrogen 
Carbon monoxide 
Carbon dioxide 

121.1 gms 

45.3 
1.6 
6.6 
2.7 
0.5 
35.7 
2.9 
4.2 
16.7 
4.9 

Yield of Light O i l :  26.6 
Benzene 
Toluene 
Styrene 
C2 Benzenes 
Indene 
Indan/or methyls tyrene 
Naphthalene 
Me t h y 1  naphthalene 

Yield o f  Heavy Oil: 60.7 

Yield of  Char: 272.2 

484.0 l b s / t o n  
181.4 
6.4 
26.4 
10.8 
2.0 

143.0 
11.6 
16.8 
66.0 
19.6 

106.2 
29.9 
11.9 
4.5 
3.1 
6 .O 
2.0 
7.3 
3.0 

509.4 'lbs/ton(MAF) 
191.0 
6.7 
27.8 
11.4 
2.1 

150.5 
12.2 
17.7 
69.4 
20.6 

111.5 
31.4 
12.5 
4.7 
3 . 3  
6.3 
2.1 
7.7 
3.2 

242.8 254.0 

1088.0 
Heat Content of Gas: 728 BTU/cu.ft. (e thylene- f ree)  



TABLE 4 

Cracking Temperature : 850°C Average r e t e n t i o n  t ime:  0 .9  sec.  
Steam-coal r a t i o :  1 .0  

Charge 500 gms. of 3-l/2 - 10 mesh “ S t o l l i n g s ”  cannel coa l  

Yie ld  o f  Gas: 123.0 gms. 491.8 lbs / ton  549.7 Ibs/ton(MAF) 
Ethylene 46.5 186.0 208.8 
Acetylene 2.7 10.8 12 .1  
Propylene 8.6 34.4 38.6 
Butadiene 2 . 9  11.6 13.0 
Butene -2 0.5 2.0 2.2 
Methane 33.9 135.6 152.3 
Ethane 3 . 9  15.6 17.5 
Hydrogen 3.7 1 4 . 8  16.6 . 
Carbon monoxide 1 4 . 1  56.2 63.0 
Carbon dioxide 5.7 22.8 25.6 

Y e l d  of Light Oi : 

Benzene 35.8 40.2 
Toluene 1 4 . 1  15.8 

28.0 112.0  126 .o 

Styrene 5.4 6.1 
C2 Benzenes 4.3 4.8 
Indan/or methyl s tyrene  2.6 2.9 
Naphthalene 8.1 9 . 1  
Methyl naphthalene 3.6 4.0 

Yield of Heavy Oil: 

Yield  of Char: 265.8 1063.0 

Heat Content of Gas: 784 BTU/cu.ft. (e thylene-free)  

71.4 284.0 309.0 
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TABLE 5 

Cracking Temperature : 850°C Average r e t e n t i o n  t ime: 0.9 sec .  
Steam-coal r a t i o :  1.0 

Charge: 500 gms. of’3-1/2 - 10 mesh “Dorothy” cannel coal  

Yield of Gas: 138.0 gms. 
Ethylene 
Acetylene 
Propylene 
Butadiene 
Butene -2 
Methane 
Ethane 
Hydrogen 
Carbon monoxide 
Carbon dioxide 

57.5 
4.1 
9.6 
3-4 
0.5 
37.6 
5.0 
4.6 
9.2 
6.5 

Yield of Light O i l :  33.5 
Benzene 
Toluene 
Styrene 
CB Benzenes 
Indene 
Indan/or methyl s ty rene  
Methyl naphthalenes 

Yield of Heavy O i l :  65.1 

Yield of Char: 236.1 

552.2 lbs / ton  
230.0 
16.4 
38.4 
13.6 
2.0 

150.6 
20.0 
18.4 
36.8 
26.0 

133.8 
43.8 
16.7 
6.3 
3.9 
7.7 
11.1 
4.5 

260.2 

944.0 

587.9 lbs/ton(MAF) 
245.0 
17.5 
40.8 
14.5 
2.1 

160.2 
21.3 
19.6 
39.2 
27.7 

142.3 
46.6 
17.8 
6.7 
4.2 
8.2 
11.8 
4.8 

277 0 

Heat Content of Gas: 794 BTU/cu.ft. (e thylene- f ree)  



35 

TABLE 6 

Ultimate  Analysis of Heavy O i l :  

"Gay" 
Carbon 90.26% 
Hydrogen 5.00 
Nitrogen 1.35 
Sulfur .62 
Ash 2.01 
Oxygen (by d i f f .  ) .76 

Proximate Analysis of  Char: 
Moisture 0.67% 
Net v o l a t i l e  8.69 
Fixed carbon 66.95 
Ash 23.70 

Ultimate  Analysis of Char: 
Hydrogen 2.82 
Carbon 68.70 
Nitrogen 0.69 
Sulfur 0.37 
Oxygen (by d i f f  . ) 3.72 

BTU/lb. of Char (MAF) 14,350 

I t  s t o 1 1 i n g  s " 

89.58% 
4.94 
,1.57 
.74 
1.60 
'1 * 57 

0.75% 
9.90 
70.56 
18.79 

2.91 
71 -73 
1.46 
1.12 
4.29 

14,680 

"Big Chief 
87 42% 
5.51 
1.38 

0 74 
1.30 
3.65 

0.63% 
9.43 
9.10 
80.84 

3.09 
81.63 
1.46 
0.62 
4.00 

14,865 

If Dorothy " 
88.40% 
4.98 
1.74 
.84 
.66 

3.38 

0.76% 
11.06 
76.89 
11.29 

3.05 
79.59 
1.53 
0.83 
3 071 

14,900 


